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Motivation 
Proton and ion acceleration by ultra-short, ultra-intense laser pulses has 
become a very active research field throughout the last decade. The 
Institute for Instrumentation in Molecular Imaging (I3M, Valencia) is 
collaborating in a new laser-plasma experiment located at the Spanish 
Pulsed Laser Centre (CLPU), at Salamanca. For the first data taking 
period (starting Nov. 2013) a time-of-flight (TOF) detector has been 
designed and developed for the characterisation of MeV-energy protons 
in bunches with large numbers of particles. Similar TOF detectors have 
been applied by other laser-plasma collaborations.1,2 
Requirements 
Minimum requirements defined by expected properties of accelerated protons: 
• Resolve energies from 0.5 MeV to 12 MeV or more. 
  ► Time-of-flight measurement over 150-200 cm flight path (~50-200 ns). 
  ► Good time resolution (~ns) for single particles. 
• Wide dynamic range: single particle detection and many-particle pulses (1010). 
  ► Versatile photon counter to avoid saturation. 
• Real-time readout capability. 
• Strong electromagnetic pulse emitted by plasma. 
  ► Electronic (readout) devices housed in shielded environment. 
Plastic scintillator 
The sensitive part of the time-of-flight detector is 
made of a plastic scintillator with 25×25 mm2 
active area. It provides ~103 scintillation photons/ 
proton (at 1 MeV) and quick decay time (2 ns). 
The 5 mm depth is sufficient to stop protons up to 
22.5 MeV. The scintillator is wrapped with two 
layers of 2 μm thick aluminised mylar for light 
protection at minimum energy loss. 
PMT and readout Light guide design 
Scintillation light is converted into electronic 
pulses with a Hamamatsu R647 photomultiplier 
tube (10 mm active Ø). Variable optical filters 
between fibres and PMT allow for adjustment of 
the dynamic range. Pulses are observed and 
stored on a digital oscilloscope. 
The coupling between the 25 × 5 mm2 exit face of 
the scintillator and the fibres has been optimised 
with Litrani3 simulations. It has been shown that 
the detector uniformity can be significantly 
improved by adding an intermediate, rectangular 
light guide with 5 tapered pieces to fit the output 
area to the fibre diameter. 
Overall transmission efficiency: ~8% for scin-
tillation light emitted uniformly from random points 
inside the active volume. 
Optical fibres 
The scintillator is coupled to the PMT via a bundle 
of 5 optical fibres (Eska™ CK-120, 3 mm Ø). 
Thus a large part of the output area is covered, 
with small dead space between fibres. The 
flexibility is sufficient for our application. 
Test procedures and results 
Pulse height cal. with γ and ß sources: 
For each PMT voltage, identify highest oscillo-
scope pulses, corresponding to Compton edge/ 
spectrum end point for γ/ß sources, respectively. 
Observations: Clear signals with low noise. Pulse 
width: ~6 ns FWHM. 
Protons with known energy: 
Measure pulse heights of protons (Ep = 0.46-5.6 
MeV) of a 3 MV tandem accelerator (CNA, 
Sevilla). Use beam currents below 1 pA to identify 
single and double proton pulses. 
Results: Oscilloscope pulse height proportional to 
particle energy. 
Many-particle pulses: 
Detect 3 µs long electron bunches (6 MeV). Use 
OD1/OD2 filters to avoid PMT saturation. 
Observe pulse height and pulse form as function 
of tungsten collimator aperture. 
Results: With appropriate choice of filters, 
constant pulse form and linear rise. 
Conclusions 
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